The Global Positioning System (GPS) is provided by the U.S. Airforce and provides users worldwide positioning, navigation and timing (PNT) services. Unlike other wireless services like cellular and satellite, there is no charge for GPS. The free, open, and dependable nature of GPS has led to the development of hundreds of applications all around us including farming, construction, asset tracking, surveying, package delivery and logistical supply chain management.
What is GNSS?
Global Navigation Satellite System (GNSS) is a global positioning system made up of independent positioning system from various countries.
• GPS is a United States based system • Glonass is a Russian based global system • Galileo is a European Union based system • Compass is a China based system • QZSS is a Japan Regional based system
How to choose GPS Module
When choosing a GPS solution, there are many factors to take into account:
• Size of the module 
How Does GPS work?
There are 27 satellites orbiting the earth, 24 are operational, the other three will become operational if one of the satellites happen to fail. There are between five and eight satellites visible to a point on the ground at any location on the earth. The satellites transmit specially coded signals that can be processed by a GPS receiver, enabling the receiver to compute position, velocity and time. Typically four sets of GPS satellite signals are used to compute position. The GPS receiver uses a geometric method called trilateration, based on intersecting spheres, to find the position of the GPS tracking device by using the known locations of the satellites at that exact time in their orbits. By recalculating the coordinates at regular intervals, the GPS receiver knows it's exact location, usually in three dimensions including altitude, and can determine other factors such as speed, acceleration, the distance traveled and how long it has been stationary.
What is Time To First Fix?
Time To First FiX (TTFF) defines the time required for a GPS receiver to acquire satellite signals and navigation data, and calculate a position solution called a fix. It's very important to understand that a fix of any time is subject to a wide range of variables, such as the number of satellites in view, their signal strength, multipath reflections and signal propagation factors of the local environment.
When a GPS receiver states a TTFF in seconds, that number is a statistical average over a large number of trials. The GPS vendor should define somewhere the details of their statistical sample what this number is. It's also critical the system design NOT rely on a TTFF that's too close to the average as this can cause major problems with the GPS appearing to have poor performance when in fact the receiver is fine, it's just not allowed to run long enough to get a fix. There are three types of fixes one must understand when designing a system with GPS and how it will operate:
Cold or Factory TTFF If a GPS is new, has been turned off for a long period of time, or has been transported for a long distance since it was turned on, it takes longer to acquire the ephemeris data and get a "Time to First Fix" (TTFF) GPS manufacturers use various techniques to speed up TTFF, including downloading and storing almanac and ephemeris data via wireless network connections (faster than acquiring via satellite). A "cold" start refers to a situation in which the GPS must acquire all data in order to start navigation, and may take up to 12 minutes. When choosing a module solution for a GPS solution understanding how quickly a device can achieve a cold TTFF is extremely important when defining the system requirements and user expectations.
Warm or Normal TTFF
A warm start is the time the GPS receiver needs to acquire position fix with no ephemeris data available -typically less than a minute. The receiver has estimates of the current time within 20 seconds, the current position within 100 kilometers, and its velocity within 25 m/s, and it has valid almanac data. It must acquire each satellite signal and obtain that satellite's detailed orbital information, called ephemeris data. Each satellite broadcasts its ephemeris data every 30 seconds, and is valid for up to four hours because the ephemeris data takes 30 seconds to download from the satellites, this is at least 30 seconds.
Hot or Standby TTFF
Hot or Standby TTFF assumes the receiver has valid time, position, almanac, and ephemeris data from the satellites in view, enabling a rapid acquisition of satellite signals. The time required of a receiver in this state to calculate a position fix may also be termed Time to Subsequent fix (TTSF) Many receivers can use as many as twelve channels simultaneously, allowing quicker fixes. Many cell modules reduce the time to first fix by using assisted GPS (aGPS): they acquire almanac and ephemeris data over a fast network connection from the cell phone operator rather than over the slow radio connection from the satellites. This is often on the order of 1-5 seconds.
What is Ephemeris Data?
Ephemeris data is the current satellite orbit parameters and timing information transmitted as part of the satellite data message. A set of ephemeris data is valid for several hours. Ephemeris data is a set of parameters used to accurately calculate the location of a GPS satellite at a particular point in time. It describes the path that the satellite is following as it orbits Earth. To accurately calculate your location, ephemeris data is only usable for a limited time (a few hours or less). Up-to-date data is needed to minimize errors that result from minor variations in a satellite's orbit.
What is Acquisition Sensitivity?
Acquisition sensitivity is the receiver's sensitivity when it's not already tracking satellites such as during a cold or warm fix where the receiver is trying to initially find satellites. Typically this is 10-12dB worse than the tracking sensitivity, thus, it's harder for a receiver to initially find the satellites than to track them once it's found them.
What is Tracking Sensitivity?
Tracking sensitivity is the receiver's sensitivity when it is already actively tracking satellites or where all information needed to track the satellites is known such as in a hot start. This is the typical number referenced for "sensitivity" when the exact use-case isn't specified. This is the best sensitivity most devices exhibit.
What is Assisted GPS?
Assisted GPS or A-GPS uses some other communication channel such as WiFi or the mobile phone network to assist the GPS receiver by delivering current time and ephemeris data for all the satellites in the system. Having the current ephemeris data allows the receiver to be more precise in it's searching, which makes the receiver sensitivity effectively the same as the tracking sensitivity. That is, it makes any start, a hot start.
With A-GPS, the network provides the Ephemeris data to the GPS receiver to improve sensitivity the TTFF. Assisted GPS or A-GPS is also used to improve the performance within buildings where the GPS signals are by 20 dB or possibly more. Again by providing information to the GPS receiver in the mobile it is able to better correlate the signal being received from the satellite when the signal is low in strength. Using this technique it is possible to gain considerable increases in sensitivity under regular use-cases.
Client Generated Extened Ephemeris
Client Generated Extened Ephemeris (CGEE) is calculated on the client using broadcast ephemeris data downloaded for visible satellites. CGEE provides three day Extended Ephemeris (EE) models for visible satellites and stores the data in local memory. With CGEE no network connection is required.
Server Generated Extened Ephemeris
With Server Generated Extened Ephemeris (SGEE), a server obtains information from world-wide tracking stations and calculates the EE data for all GPS satellites at least once a day. To receive the data a netork connection is required to download the data. Typical size for a one day payload to cover the entire constellation of satellites is around 11Kbytes. These files are typically provided by the GPS supplier and are available to download at no charge.
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Almanac -Corse orbit and status information for each satellite in the constellation Epemeris - Table f values which gives the position of the satellites in orbit at a given time AGPS-Assited GPS CGEE -Client generated extended ephemeis data SGEE -Server generated extended ephemeis data SBAS -Satellite based augmentations system WAAS -Wide area augmentation system
